Introduction
Primary dormancy in cereal grains corresponds to an inability to germinate at temperatures generally higher than 15°C. 2, 3 It sets in during seed development on the ear 4, 5 and is under abscisic acid control. [6] [7] [8] [9] Maintenance of high level of ABA content and sensitivity of the embryos to ABA play a critical role in the expression of dormancy in barley grains. [10] [11] [12] In addition the balance of ABA and gibberellins (GAs) is involved in the regulation of germination and dormancy. 13 When seeds are placed in unfavorable conditions they can enter in secondary dormancy which is highly relevant to seed behavior in the soil where the dormancy is cycling in relation to seasonal variations of the environmental conditions. 14 We have demonstrated that in barley, incubation of grains at 30°C, a temperature of which primary dormant seeds cannot germinate, reinforces their sensitivity to temperature. 1 This phenomenon which can be considered as an induction of a secondary dormancy is associated with a high level of ABA and an increase in embryo sensitivity to ABA. 1 
Involvement of ABA in Thermodormancy
Dormancy expression during seed imbibition at high temperature is associated with the maintenance of ABA at high levels in the embryo. [10] [11] [12] After 24 h of imbibition of whole seeds at 30°C, embryo ABA content remained 1.7 as high as that measured in isolated embryos incubated for the same duration on water ( Table 1) . Incubation of whole grains in the presence of GA 3 (1 mM) resulted in a decrease in ABA content by about 20% as compared with the control grains placed on water as early as 5 h of imbibition (Table  1) . Such an effect of GA 3 on ABA metabolism was also observed in Nicotiana plumbaginifolia 16 and lettuce 17 seeds. At 24 h, ABA content remained higher than that in isolated embryos. Fluridone (0.1 mM) an inhibitor of ABA synthesis also resulted in a decrease in ABA content by around 25% 1 and allowed the germination at 30°C of 45% of the primary dormant seeds within 5 days (data not shown) against 6% for seeds placed on water (Fig. 1) . Figure 2 shows the changes in expression of genes implicated in ABA metabolism, HvABA8'OH1 which encodes an ABA hydroxylase involved in ABA degradation and HvNCED1 and HvNCED2 which encode 9-cis-epoxycarotenoid dioxygenase involved in ABA synthesis, 11 during 24 h incubation at 30°C. Imbibition of whole seeds or isolated embryos on water resulted in a significative reduction of HvABA8'OH1 and HvNCED2 expression at 14 h ( Fig. 2A and C) when HvNCED1 expression did not significantly change (Fig. 2B) . Curiously, HvABA8'OH1 expression increased at 24 h for the isolated embryos while it remained low (20.7% of its initial value) for the whole grain ( Fig. 2A) . These data suggest that the covering structures had no crucial role in ABA metabolism, but were mostly involved in responsiveness of the embryo to ABA probably through the regulation of oxygen availability. 2, 15 Application of GA 3 has almost no effect on HvABA8'OH1 and HvNCED1 expression ( Fig. 2A and B) but strongly induced HvNCED2 expression (Fig.  2C) . Decrease in ABA content during imbibition in the presence of GA (Table 1 ) might be then related to ABA degradation rather than ABA synthesis.
Expression of Genes Involved in ABA Metabolism in Relation to Thermodormancy

Conclusion
The primary thermodormancy of barley is under ABA control, being associated with maintenance of high ABA level and strong responsiveness of the embryo to this hormone. [10] [11] [12] It was prevented by GA 3 application and removing the covering structures which both resulted in a reduction in embryo ABA content. However expression of genes involved in ABA metabolism in relation with dormancy depth and/or germination remained unclear. HvABA8'OH1was considered as a key gene controlling ABA content and primary dormancy in barley 11 while it did not seem to play a pivotal role in induction of secondary dormancy 1 and ABA content in the presence of GA 3 ( Fig. 2A) . In addition, germination of isolated embryos at 24 h was associated with an induction of this gene in relation with a strong decrease in ABA content ( Table 1) . Expression of HvNCED2 was strongly improved in the presence of GA 3 and not in isolated embryos when the germination ability was similar (Fig. 1) . Recent data 18, 19 underline the interplay between ABA and GA metabolism and signaling pathways. Further studies are then required to determine the role of ABA on GAs metabolism, and reciprocally, at molecular level. Other mechanisms, in particular at the level of ABA and GA signaling pathways should also be investigated in order to obtain a more comprehensive view of the role of the balance between ABA and GA in thermodormancy.
